Abstract. Cisplatin (cis-diaminodichloroplatinum, CDDP) is one of the most effective chemotherapeutic agents that has been widely used in the treatment of many malignancies, including muscle invasive bladder cancer. However, development of CDDP resistance in cancer cells is a major obstacle to the effective treatment of bladder cancer. Therefore, the development of chemosensitizers to overcome the acquired resistance to chemotherapeutic agents is crucial. Previous studies have confirmed that the epidermal growth factor receptor (EGFR) and its signaling pathways are important in the chemoresistance of cancer cells against CDDP-induced cell apoptosis. In a preliminary study we showed that leucine-rich repeats and immunoglobulin-like domains 1 (LRIG1) is the natural ligand of EGFR, and that the extracellular leucine-rich repeat (LRR) domain and immunoglobulin-like domains of LRIG1 were able to bind to the extracellular domain of EGFR, resulting in the downregulation of EGFR expression. Based on these findings, we hypothesized that LRIG1 may enhance the chemosensitivity of bladder cancer cells to CDDP. In the present study, LRIG1 was overexpressed by the adenovirus vector to determine the effect of LRIG1 on chemosensitivity in the T24 bladder cancer cell line and explored the possible mechanisms. The results showed that CDDP inhibited the growth of the T24 cell line and induced activation of EGFR. Overexpression of LRIG1 increased the inhibitory effect of CDDP on the T24 cell line, which may be associated with inactivation of the EGFR signaling pathway, followed by the decrease of Bcl-2 expression and a concomitantly induced expression of Bax. Based on these results, we concluded that the upregulation of LRIG1 expression inhibited the EGFR signaling pathway, activated the mitochondrial pathway of apoptosis and eventually increased the sensitivity of bladder cancer cells to CDDP.
Introduction
Bladder cancer is the fourth most common malignant disease worldwide, accounting for ~6% of all cancer cases (1) . Bladder cancers (75%) are non-muscle-invasive and can be treated by transurethral resection of the bladder tumor combined with intravesical chemotherapeutic agents instillation. However, the prognosis of patients with muscle invasive bladder cancer (25%) remains poor despite the many advances in treatments made over the past few decades. To improve survival rate and extend life span, patients with muscle invasive bladder cancer require chemotherapy after surgery (2) . Cisplatin (CDDP)-based chemotherapy is widely used for treatment of muscle invasive bladder cancer (3) . However, cancer cell resistance to CDDP is a major obstacle to the effective treatment of bladder cancer, and the underlying mechanism of the resistance is unclear.
The molecular mechanisms of CDDP include binding of the drug to DNA and non-DNA targets to form a variety of monoadducts and cross links, which contribute to the cytotoxicity of CDDP by blocking DNA replication and stimulating signals for apoptosis (4) . Despite the excellent anticancer effect, CDDP results in severe side effects such as nephrotoxicity, ototoxicity, hepatotoxicity, peripheral neuropathy and asthenia after prolonged clinical exposure (5) . In addition, intrinsic resistance and/or the resistance developed by cancer cells to CDDP result in failure in the therapy of bladder cancer (6) . Due to the side effects and drug resistance, wide use of CDDP is restricted. Thus, the important task of bladder cancer therapy is to identify a suitable method to improve the sensitivity of cancer cells to CDDP to enhance its efficacy. Previous results have demonstrated that the combination of gene therapy and chemotherapeutic agents are crucial in the treatment of cancer (7) .
Leucine-rich repeats and immunoglobulin-like domains 1 (LRIG1) is a transmembrane leucine-rich repeat and immunoglobulin (Ig)-like domain-containing protein, whose encoding gene is located at chromosome 3p14.3, a region that is frequently deleted in various human cancers (8, 9) . The expression of LRIG1 is downregulated in several tumors, such as breast tumor, renal cell and lung carcinoma, and bladder cancer (10, 11) . Further studies showed that LRIG1 is one of the natural ligands of EGFR and acts as a negative regulator of the ErbB family of receptor tyrosine kinases (12) . EGFR is a widely distributed protein tyrosine kinase that is overexpressed in many types of tumor cells, including colon, bladder, lung and prostatic carcinoma, and there is an association between the upregulation of EGFR and poor clinical prognosis (13, 14) . EGFR can be activated by epidermal growth factor (EGF) and transforming growth factor-α (TGF-α), while activated EGFR (phosphorylated EGFR, pEGFR) stimulates several different signal transduction pathways, such as the phosphoinositide-3 kinase (PI3K)/Akt pathway, the phospholipase-Cγ/protein kinase C pathway and the Ras/mitogen-activated protein kinase pathway. These signal transduction pathways activated by pEGFR are important in cell differentiation, proliferation, migration, adhesion and apoptosis (15) . It has been reported that the chemoresistance of several types of tumors including bladder cancer are associated with EGFR and pEGFR overexpression (16, 17) . These findings indicated that LRIG1 may enhance the sensitivity of cancer cells to chemotherapeutic agents.
In the present study, we upregulated the expression of LRIG1 by adenovirus vector and determined the effects of LRIG1 on chemosensitivity in the T24 bladder cancer cell line and investigated the possible mechanisms.
Materials and methods
Cell line and cell culture. The human T24 bladder cancer cell line and human QBI-293A embryonic kidney cell line were purchased from the American Type Culture Collection (ATCC; Manassas, VA, USA). The cells were maintained at 37˚C in a humidified atmosphere of 5% CO 2 in RPMI-1640 medium supplemented with 10% (v/v) fetal bovine serum (FBS) (Gibco-BRL, Gaithersburg, MD, USA). The medium was replaced every 3 days.
Main reagents. CDDP was purchased from the Qilu Pharmaceutical Co., Ltd. (Shandong, China). FBS, RPMI-1640, Lipofectamine 2000 and TRIzol™ reagents were purchased from Life Technologies Inc. (Carlsbad, CA, USA). MTT and dimethyl sulfoxide (DMSO) were obtained from Sigma Chemical Inc. (St. Louis, MO, USA). Polyclonal rabbit anti-LRIG1 antibody was purchased from Agrisera, Sweden. Polyconal rabbit anti-EGFR antibody, anti-phospho-EGFR (anti-pEGFR), anti-Bcl-2, anti-Bax and anti-caspase-3 were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). The recombinant adenovirus-encoding human LRIG1 (Ad-LRIG1) and recombinant adenovirus (Ad-GFP) carrying the green fluorescent protein were constructed in our laboratory (18) .
Cell transfection and viral infection.
The Ad-LRIG1 and control Ad-GFP adenoviruses were prepared as previously described (18) . Titers of purified adenoviruses were measured using the gene transfer unit (GTU) method by calculating the number of reporter gene GFP-expressing QBI-293A cells within 18 h after adenoviral infection under fluorescence microscopy. To evaluate the optimal multiplicity of infection (MOI) for a maximal infection and transgene expression, the T24 human bladder cancer cells were infected with Ad-LRIG1 and Ad-GFP at various MOIs (0, 1, 10, 25, 50, 100 and 200) for 24 h, respectively. The adenoviral infection efficiency was assessed based on GFP expression. LRIG1 gene expression in T24 cells was then examined using RT-PCR and western blot analysis.
RT-PCR analysis. Total RNA was extracted from Ad-LRIG1 or Ad-GFP infected and uninfected T24 cells using TRIzol reagent according to the manufacturer's instructions. Total RNA (3 µg) was reverse transcribed using M-MuLV reverse transcriptase (Promega, Madison, WI, USA). cDNA was amplified by PCR using Taq DNA Polymerase (Promega). The primers used were: LRIG1, sense: 5'-ATCATCACCCAG CCAGAAAC-3' and antisense: 5'-CTACCGTGGTCCCATC CTT-3' (product size, 892 bp); GAPDH, sense: 5'-ACGGAT TTGGTCGTATTGGG-3' and antisense: 5'-TGATTTTGG AGGGATCTCGC-3' (product size, 230 bp). The reaction conditions were as follows: denaturation for 30 sec at 94˚C, 1 min at 58˚C, annealing 1 min at 72˚C, 31 cycles and a final extension at 72˚C for 10 min. The PCR products were separated in 1.5% agarose gel electrophoresis with ethidium bromide staining.
Western blot analysis. The cells (n=1x10 6 ) were washed twice in ice-cold phosphate-buffered saline (PBS). Total proteins were extracted from Ad-LRIG1 or Ad-GFP infected and uninfected T24 cells, respectively, using Mammalian Protein Extraction Reagent (Pierce, Rockford, IL, USA) according to the manufacturer's instructions. The protein concentrations were measured using a Lowry protein assay (Bio-Rad, Hercules, CA, USA). Cell lysates (30 µg of each sample) were diluted with 2X SDS sample buffer (125 mM Tris, 2.2 M glycerol, 1.42 M β-mercaptoethanol, 160 mM SDS, 10 mg/l bromophenol blue, pH 0.8), boiled for 10 min and analyzed by SDS-PAGE (8%), and then transferred to a membrane (Millipore) and incubated with 5% non-fat dry milk overnight. The membrane was washed with PBS-0.1% Tween-20 (Sigma) and incubated with antibodies such as LRIG1 (rabbit anti-human IgG, 1:300 dilution), EGFR (rabbit anti-human IgG, 1:300 dilution), pEGFR (rabbit anti-human IgG, 1:300 dilution), Bax (rabbit anti-human IgG, 1:200 dilution), Bcl-2 (rabbit anti-human IgG, 1:200 dilution), caspase-3 (rabbit anti-human IgG, 1:600 dilution) and β-actin (rabbit antihuman IgG, 1:600 dilution) for 1 h at 37˚C. The membrane was then washed three times with TBST and incubated with a peroxidase horseradish peroxidase-conjugated secondary antibodies in blocking solution for 90 min at 37˚C. After three washes with TBST, the blots were detected by ECL western blotting detection system (Amersham, Aylesbury, UK). Band intensities shown by western blotting were semi-quantified by densitometry.
Cell growth inhibitory rate assay with CCK-8. The sensitivity of cells to CDDP was assayed with the Cell Counting Kit-8 (CCK-8) kit (Dojindo Molecular Technologies, Gaithersburg, MD, USA). Briefly, T24 cells infected with Ad-LRIG1 or Ad-GFP and uninfected T24 cells were seeded in 96-well culture plates (1x10 4 /well) and incubated for 24 h at 37˚C and then treated with CDDP at concentrations of 0, 1.25, 2.5, 5, 10, 20 and 40 µg/ml for 24 h to obtain a dose-response curve. Cell viability of the three groups was then analyzed by CCK-8 kit according to the manufacturer's instructions. The values of each well were measured by a microplate reader at 450 nm. The inhibitory rate (%) was calculated according to the formula: (1 -experimental OD value/control OD value) x100%. The experiments were carried out in triplicate. Dose-dependent response curves were plotted on the basis of the data derived from the CCK-8 assay. The half maximal inhibitory concentration (IC 50 ) was determined graphically from the concentration response curves.
Annexin V-APC/7-AAD double labeling for FCM-assessed apoptosis.
The Annexin V-APC (Bender MedSystems, Vienna, Austria) was used to detect apoptosis according to the manufacturer's instructions. Synchronization was achieved by serum starving cells for 24 h. The cells were then collected by trypsinization and washed twice with cold PBS (0.1 M, pH 7.2). The cells were centrifuged at 2,000 rpm for 5 min, the supernatant was discarded and the pellet was re-suspended in 1X binding buffer at a density of 1x10 6 cells/ml. Each suspension (100 µl) was transferred into individually labeled tubes and incubated with 5 µl of APC-conjugated Annexin V and 5 µl of 7-AAD (KeyGene Co., Nanjing, China) for 15 min at room temperature in the dark. PBS binding buffer (500 µl) was added to each sample tube without washing and analyzed within 1 h by FACS using CellQuest Research Software (BD Biosciences, San Jose, CA USA). Each group was measured three times.
Analysis of chemosensitizing effects. To assess the chemosensitizing effects of Ad-LRIG1, the following groups were studied: CDDP+T24 (T24/CDDP), Ad-GFP+CDDP+T24 (Ad-GFP/CDDP) and Ad-LRIG1+CDDP+T24 (Ad-LRIG1/ CDDP). T24 cells (1x10 6 /well) were cultured in 6-well culture plates (marked A-F, respectively) for 24 h, then 25 MOI Ad-LRIG1 was added into wells A and B, 25 MOI Ad-GFP was added into wells C and D, and equivalent PBS was added into wells E and F as controls. After 24 h, 30 µg/ml CDDP was added into each well. After 24 h, all the groups were harvested and washed twice with ice-cold PBS, the apoptotic rate was examined by flow cytometry (BD Biosciences) with the Annexin V-PE/7-AAD apoptosis detection kit (Wuhan, China) according to the manufacturer's instructions. Briefly, the cells (1x10 6 ) were incubated with 5 µl Annexin V-PE and 5 µl 7-AAD in 100 µl 1X Annexin V-binding buffer at room temperature. Following incubation for 15 min, 400 µl of 1X binding buffer was added, and the apoptotic cells were analyzed by FACS using CellQuest version 3.3 software. Each experiment was repeated three times.
Hoechst staining assay. T24, T24/Ad-LRIG1 and T24/Ad-GFP cells (1x10 6 , respectively) were cultured in 6-well culture plates for 24 h, and then treated with CDDP for an additional 24 h. Hoechst 33342 (BD Biosciences) was then added to the culture medium of living cells, and changes in nuclear morphology were detected by fluorescence microscopy (Nikon, Tokyo, Japan) with a filter for Hoechst 33342 (365 nm). The percentages of the Hoechst-positive nuclei/optical field (≥50 fields) were counted.
Caspase-3 activity assay. Caspase-3 activity was measured with a caspase-3 cellular activity assay kit (Nanjing KeyGen Biotech, Co., Ltd. China) according to the manufacturer's instructions. Briefly, T24, T24/Ad-LRIG1 and T24/Ad-GFP cells (1x10 6 , respectively) were cultured in 6-well culture plates for 24 h. The cells were treated with CDDP for another 24 h and harvested, resuspended in 50 µl of lysis buffer and incubated on ice. After 30 min, the cell debris was pelleted and the lysates (50 µl) were transferred to 96-well plates. The lysates were added to 50 µl 2.0X reaction buffer together with 5 µl caspase-3 substrate and incubated for 4 h at 37˚C, 5% CO 2 incubator. The activities were quantified spectrophotometrically at a wavelength of 405 nm.
Statistical analysis. Data were presented as the means ± standard deviation (SD). Statistical analyses were performed using SPSS version 13 (SPSS, Inc., Chicago, IL, USA). Statistical significance between two groups was determined by the paired or unpaired Student's t-test. Comparisons between multiple groups were performed by one-way analysis of variance. P<0.05 was considered to indicate a statistically significant result.
Results

CDDP induces phosphorylation and activation of EGFR in T24 cells
. CDDP (30 µg/ml) induced the activation of EGFR in T24 cells in a time-dependent manner (Fig. 1A) . The level of phosphorylated EGFR (pEGFR) in T24 cells increased with time and reached a peak of ~5-fold compared to the baseline level (P<0.05) at 24 h. However, there was no significant difference in the total level of EGFR expression in T24 cells at different time points (P>0.05) (Fig. 1B) . Taken together, these results demonstrated that CDDP induced the activation of EGFR in T24 cells and suggested that CDDP specifically activates EGFR but has no effect on EGFR expression.
Adenovirus-mediated overexpression of LRIG1 in T24 cells.
To determine the optimal MOI for a maximal gene transfer with minimal adenovirus itself-induced cytotoxicity, the T24 cells were infected with Ad-LRIG1 or Ad-GFP at different MOIs and observed under fluorescence microscopy (488 nm; Nikon). Over 80% of GFP expression was found in the Ad-LRIG1-or Ad-GFP-infected T24 cells at a MOI of ≥25. However, green fluorescence was not identified in uninfected T24 cells (Fig. 2A) . Furthermore, adenovirus-mediated exogenous LRIG1 gene was significantly expressed in 25 MOI Ad-LRIG1-infected T24 cells but not in Ad-GFP-infected and uninfected T24 control cells (Fig. 2B and C) . Additionally, there was a negligible adenovirus-elicited cytotoxic effect in 25 MOI blank Ad-GFP-infected T24 cells. These results showed that 25 MOI serves as an optimal dose for adenovirus-mediated LRIG1 transgene expression in T24 cells.
Effect of LRIG1 on the sensitivity to CDDP in T24 cells. T24 cells infected with Ad-LRIG1 or Ad-GFP and uninfected T24 cells were treated with CDDP at different concentrations. After 24 h, the cell viability was reduced with increasing concentrations of CDDP (Fig. 3) . The levels of cytotoxicity were indicated as the concentration that inhibits the response by 50%, IC 50 value. The IC 50 values in Ad-LRIGl/CDDP, Ad-GFP/CDDP and T24/CDDP were (14.09±0.31, 31.55±0.48 and 30.96±0.57), respectively. Data showed that LRIG1 overexpression was able to enhance the sensitivity of T24 cells to CDDP (P<0.05). Since the IC 50 value in T24 cells (T24/CDDP) was (30.96±0.57 µg/ml), the concentration of CDDP intervention in subsequent experiments was determined as 30 µg/ml.
Effects of LRIG1 on CDDP-induced apoptosis in T24 cells.
To determine whether the LRIG1 gene plays an important role in CDDP-induced apoptosis, we overexpressed LRIG1 by Ad-LRIGl recombinant adenovirus transduction in T24 cells, followed by treatment with 30 µg/ml CDDP for 24 h. After 24 h (Fig. 4A) . Fig. 4B demonstrates the results of the Hoechst staining assay, which confirmed the results of the flow cytometric assay. The results indicated that LRIG1 was able to promote the CDDP-induced apoptosis in T24 cells.
The mechanism of upregulation of LRIG1 enhances CDDPinduced apoptosis in T24 cells. As shown in Fig. 5A and B, following treatment with 30 µg/ml CDDP for 24 h, the level of pEGFR in the AD-LRIG1/CDDP cells (0.08±0.02) was markedly lower than those in AD-GFP/CDDP (0.23±0.05) and T24/CDDP (0.21±0.04) cells (P<0.05). Similarly, the EGFR protein expression in AD-LRIG1/CDDP cells (0.86±0.08) was markedly lower than that in AD-GFP/CDDP (1.55±0.09) and T24/CDDP (1.58±0.11) cells (P<0.05). AD-LRIG1/CDDP cells had a higher level of the Bax protein and a lower level of the Bcl-2 protein compared with the AD-GFP/CDDP and T24/CDDP cells (P<0.05). The Bax/Bcl-2 ratio in AD-LRIG1/CDDP cells (3.25±0.19) was higher than that in the AD-GFP/CDDP (0.46±0.04) and T24/CDDP (0.43±0.06) cells (P<0.05) (Fig. 5C ). Caspase-3 activity in AD-LRIG1/CDDP cells (4.14±0.21) was markedly increased compared with Ad-GFP/ CDDP (1.34±0.12), T24/CDDP (1.29±0.07) and Ad-LRIGl (not treated with CDDP) (1.44±0.08) cells (P<0.05) (Fig. 5D) . The results suggest that the mitochondria-mediated apoptotic pathway is involved in the upregulation of LRIG1 expression and enhances CDDP-induced apoptosis of T24 cells.
Discussion
As one of the most effective chemotherapeutic agents, CDDP is widely used in the treatment of many malignancies, including bladder cancer (19) . However, the serious side effects of CDDP and inherent or acquired resistance of tumor cells to CDDP are obstacles that have to be overcome by clinicians. To overcome cellular resistance of tumor to CDDP, even a small increase in dose can cause severe cytotoxicity to normal cells. Thus, it is imperative to examine novel chemosensitizers to reduce drug dosage, minimize adverse reactions, improve the efficacy of therapy and promote the application of CDDP in cancer chemotherapy. Over the past decade, chemogene therapychemotherapy agents combined with gene therapy, has been developed as a novel adjuvant therapeutic strategy for cancer treatment (7, 20) .
Previous findings have confirmed that EGFR and its signaling pathways played an important role in the chemoresistance of cancer cells against CDDP-induced cell apoptosis (21, 22) . CDDP-resistant cancer cells have altered response to the EGF ligand and enhanced the activation of EGFR (23) . pEGFR is the activated form of EGFR (24), CDDP induces EGFR activation through the phosphorylation of tyrosine 845, which stabilizes the activation loop of EGFR, maintains the enzyme in the active state, provides a binding surface for protein substrates and leads to cell survival (25) . Thus, the upregulation of pEGFR expression may be a survival response to exposure of tumor cells to chemotherapeutic drugs. In the present study, we found that after exposure to CDDP, pEGFR expression was significantly increased, suggesting a potential mechanism through which T24 cells demonstrate chemoresistance to CDDP. According to the findings of Zhang et al (21) , EGFR-tyrosine kinase inhibitor (AG1478) increased the apoptosis of the human U87 glioma cell line induced by CDDP. Thus, inhibition of the EGFR signaling pathway and reduction of the pEGFR expression may enhance the chemosensitivity of bladder cancer cells to CDDP.
LRIG1 protein is a negative regulator of the EGFR signaling pathway (26) . The inactivation of LRIG1 in rodents promotes skin epidermal cell hyperplasia, suggesting involvement in EGFR signaling regulation (27) . The upregulation of the LRIG1 transcript and protein levels was found to promoted ubiquitylation and degradation of EGFR by the receptor combination of leucine-rich repeat (LRR) as well as immunoglobulin-like (Ig) domains of the LRIG1 protein (12) . In a preliminary study we showed that upregulation of LRIG1 expression by plasmid transfection in the human BIU87 bladder cancer cell line resulted in cell cycle arrest, inhibition of cell proliferation, promotion of cell apoptosis and attenuation of cell invasive and metastatic abilities in vitro by downregulating the expression of EGFR (10) .
In this study, the expression of LRIG1 was upregulated by the adenovirus vector AD-LRIG1. The present experiments have demonstrated that the increase in LRIG1 expression strengthened the apoptosis-inducing effects of CDDP by Annexin V-FITC/PI-positive flow cytometry and Hoechst staining assays. The results were consistent with the study of Guo et al (28) , which reported that the upregulation of LRIG enhanced apoptosis in glioma cells induced by CDDP in vitro. In addition, the western blot assay was used to detect the level of protein expression of LRIG1, EGFR, pEGFR, Bcl-2 and Bax and caspase-3 activity was evaluated using a caspase-3 colorimetric assay kit. The expression of EGFR and pEGFR protein in T24 cells infected with AD-LRIG1 was markedly lower than that of T24 cells infected with AD-GFP and uninfected cells. Upregulation of the LRIG1 expression in combination with CDDP decreased the cellular activity level of Bcl-2 while increasing the cellular activity levels of Bax and caspase-3. This is consistent with the functional mechanism of upregulation of LRIG1 alone, which inactivated the EGFR signaling pathway and activated the mitochondrial pathway of apoptosis. These findings have demonstrated that the upregulation of LRIG1 expression may lead to inactivation of the EGFR signaling pathway, thereby sensitizing T24 cells to CDDP-induced apoptosis and minimizing resistance of T24 cells to CDDP.
The mitochondrial pathway of apoptosis is mainly regulated by mitochondria-related Bcl-2 family members, such as Bcl-2 and Bax (29) . Bcl-2 is a 28-kDa integral, intracellular membrane protein that prevents cells from undergoing apoptosis in response to a variety of cell death signals. It negatively regulates the activation of caspase-3, the key executioner of apoptosis, which functions as an effector of mammalian cell death pathways. Overexpression of Bcl-2 inhibits caspase activities and apoptosis (30, 31) . Bax is a 23-kDa proapoptotic protein, and decreased levels of Bax in tumor cells lead to resistance to apoptosis (32) . Previous studies have shown that Bcl-2 acts on mitochondria to stabilize membrane integrity. However, Bax acts to damage the mitochondrial membrane structure directly. The ratio of Bax/Bcl-2 can function as a margin to determine cell fate. When the ratio of Bax/Bcl-2 increases, caspase-3 is activated and cells undergo apoptosis (33) . The present study results show upregulation of the LRIG1-inactivated EGFR singaling pathway, resulting in a decrease in the Bcl-2 level, with a concurrent increase in the Bax level and caspase-3 activation. CDDP-induced apoptosis is generally considered to result from an increase in the Bax/Bcl-2 ratio and caspase-3 activation (34). However, the ratio of Bax/Bcl-2 and activity of caspase-3 in the presence of combined upregulation of LRIG1 expression with CDDP administration was much higher than that of the upregulation of LRIG1 expression or CDDP administration alone. The results suggest that CDDP-induced apoptosis may be enhanced by upregulation of LRIG1 via the mitochondrial pathway of apoptosis.
Taken together, our data have demonstrated that upregulation of the expression of LRIG1 inhibited EGFR signaling pathway, activated the mitochondrial pathway of apoptosis and eventually increased the sensitivity of bladder cancer cells to CDDP. LRIG1 is a promising target for chemogene therapy with CDDP, suggesting that the upregulation of LRIG1 expression and appropriate combination of CDDP administration is a potential strategy for the treatment of human bladder cancer in future.
